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THE WHITE HOUSE 

WASHINGTON 



November 23, 1992 



Dear Mr. President: 

I have the pleasure of transmitting to you, on behalf of the President's Council of 
Advisors on Science and Technology, our latest report. Renewing the Promise: Research- 
Intensive Universities and the Nation. For this study, we considered research-intensive 
universities as the approximately one hundred and fifty institutions that conduct a 
significant share of our country's basic research and that produce our country's leading 
scientific and engineering talent. This makes them the foundation of the nation's 
science and technology enterprise. 

The "promise" refers to the vision contamed m Dr. Vannevar Bush's 1945 report to 
President Truman: that our leading universities, with strong public support, could 
generate the intellectual and human capital that would, in turn, enable the United States 
to become a more prosperous, healthier and more secure Nation. We followed that 
vision and the extraordinary accomplishments of the United States over the past half- 
century - in technology and industry, in medicine and health, in agriculture and 
management of our environment ~ attest to the fulHllment of the promise. 

In our rapidly changing world, the United States faces ever mcreasmg economic and 
technological challenges and environmental, public health, and national security 
concerns that differ from those of the past. The Council believes that, more than ever, 
our Nation will depend on its colleges and universities for the generation of the new 
knowledge and talent needed to mamtain world leadership. The "promise" must be 
renewed. 

The Council is concerned, however, that the relationship between the Federal 
government and the research-intensive universities is under stress, and that the 
universities are not as well-positioned as they should be to help meet the Nation's future 
needs. 

In its report, the Council identifies weak points in the system and suggests some 
corrective measures for universities and Federal agencies, as well as state governments, 
industry, and other supporters of universities. We believe that these recommendations, 
if followed, would go a long way toward re-strengthening the universities and enabling 
them, in partnership with the Federal government, to make the greatest possible 
contribution to the Nation. 




The Council believes that the issues raised by the report are of fundamental, non- 
partisan importance. We hope, therefore, that you v^ill not only find the report helpful 
to your own thinking about the long*-tenn interests of the Nation, but that you wiU 
commend it to the President-elect for his consideration. Furthermore, if you agree, the 
Council will release the report to the public. It should stimulate a healthy national 
debate on the issues. 

Although the Council concluded that the U.S. research and development (R&D) system 
is basically sound and continues to serve us well, we feel that there is also a need to look 
beyond the issues addressed in this report. Just as the end of World War n was an 
opportune time for Vannevar Bush and his colleagues to looked ahead at the role of 
R&D in our national life, the end of the Cold War warrants a new examination of the 
Nation's R&D system: its rationale, goals, organization, funding and administrative 
mechanisms. 

We believe that the Cou acil should begin to undertake such a re-examination as soon as 
possible. Here, too, we hope that you would urge the President-elect to instruct his 
CouncU to follow such a course in the interest of the Nation. 

This report views the relationships between the Federal government and the research- 
intensive universities from the outside. I am transmitting to you, in parallel with this 
report, a companion report prepared by an interagency working group of the Federal 
Coordinating Council for Science, Engineering and Technology (FCCSET) that views 
these relationships from inside the Federal government. Together, they represent a 
comprehensive review of this important area. 



Sincerely yours. 




for Science and Technology 
and Chair, 

President's Council of Advisors on Science and Technology 



The President 
The White House 
Washington, DC 20500 
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EXECUTIVE OFFICE OF THE PRESIDENT 
OFFICE OF SCIENCE AND TECHNOLOGY POLICY 

WASHINGTON, 0,C. 20506 



November 18, 1992 



Dear Dr, Bromley: 

We are pleased to transmit to you the report on Research-Intensive Universities, entitled 
Renewing the Promise: Research-Intensive Universities and the Nation^ produced by the 
President's Council of Advisors on Science and Technology (PC AST) • 

The report focuses on a particular class of institutions, the research-intensive 
universities, because of theur particular role in the nation's Research and Development 
(R&D) enterprise* Because of their important relationship with the Federal 
government, the health and future of those universities are inherently of significant 
concern in public policy matters* But our focus in no v?ay implies that other types of 
institutions of higher education do not play critical roles in the larger educational 
system, particularly as recruiters and developers of the nation's talent* 

The issues facing us are numerous and complex* We have sought to identify those that 
are the most pressing but that can be addressed in a realistic fashion, as weU* Some of 
our findings and recommendations may not be popular, but a positive future sometimes 
requires painful treatment* At the very least, we hope that the report will stuuulate and 
contribute to a healthy public debate* Given the critical nature of the present situation, 
we hope that our recommendations will lead to a productive readjustment of the current 
system* 

We have also recommended a next step* Beyond the immediate issues, there is a need 
for a very fundamental look at the place of R&D in our nation's future and how it 
should be planned, supported, carried out, and managed* Such a recommendation 
should be high on PCAST's agenda at the outset of the new Administration* 



Enclosure 



The Honorable D* Allan Bromley 
Assistant to the President for 

Science & Technology 
Executive Office of the President 
Washmgton, DC 20500 



David Packard / 
Chairman, Committee on 
Research-Intensive Universities 




iincerely yours 



Harold T. Shapiro 
Vice-chairman, Committee on 
Research-Intensive Universities 
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Preface 



Earlier this yean the President's Council of Advisors on Science and Technology 
(PCAST) turned its full attention to a core conriponent of the nation s science and 
technology enterprise: those institutions of higher education that produce 
simultaneously the bulk of America s most highly trained scientists and engineers 
and a substantial fraction of our country's new scientific knowledge. Because 
most faculty at those institutions devote considerable efforts and resources to 
research as well as teaching, we refer to them as "research-intensive universities." 
The term applies to somewhat more than one hundred and fifty universities from 
among more than three thousand institutions of higher education. Their direct 
and indirect contribution to our national well-being — economic growth, 
international competitiveness, and new jobs — is immeasurable. 

For more than four decades, the research and the graduate and post-doctoral 
education capabilities of those universities have rested in large part on support 
from the federal government. Because the research-intensive universities both 
benefit the public and are supported by it, their health and productivity are key 
matters of public policy. 

As we look to the future, we are convinced that America cannot continue to meet 
the challenges of international economic competition, of national security in a 
post-Coid War world, and of threats to the environment and to public health 
without the continued contributions of the research-intensive universities. 

As the present time, however, we are concerned that America's research-intensive 
universities are not as well prepared as they should be to assume the 
responsibilities of the future. We are also concerned ihat the American public no 
longer has the confidence in the research-intensive universities that will enable 
those institutions to bear those responsibilities. This is not a healthy situation for 
the nation. 

Thus, we have sought to identify the weak points that threaten the otherwise 
strong web that binds together the federal government and the tax-paying public 
with the research-intensive universities into a major scientific research and higher 
education partnership. We have also considered the relationship between 
universities and industry* — one that is also critical to the nation s future. In this 
report, we present our findings and recommendations for strengthening the 
overall enterprise. 

Our approach to the subject consisted of three parts. First, the Council took the 
unusual step of constituting itself as a committee of the whole for the project. 
We felt from the outset that the study required the widest possible range of 
institutional and scientific perspectives and experience: industrial, governmental, 
and academic and from the physical, natural, life, and social sciences and 
engineering. 
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Second. \vc solicited — and received — a wide ran«je of information and views 
tr'om \ arious interested parties. At si\ meetings around the country we heard 
from undergraduates, graduate students, post-doctoral students, and untenurcd 
faculty members as well as senior faculty and university administrators. We heard 
views representing a cross-section of universities — large and small, public and 
private. Just as important to our findings, we gathered perspectives from four- 
year and two-year institutions and from minority institutions, all of which play 
critical roles with respect to the research-intensive universities. Representatives 
from companies in the areas in which our public meetings were held rounded out 
the picture, as did representatix es of educational and scientific associations. 
Written comments were also received from a wide \'ariety of individuals and 
institutions responding thoughtfully to our invitation to provide input and advice. 

This public input was invaluable to the study. We express our deep gratitude to 
the many who so graciouslv hosted the meetings, who participated in them, and 
who sent us their observations and ideas. Without these contributions, manv of 
our findings would not have emerged so clearly, if at all. 

Third, we benefitted greatly from data and perspecti\*es provided by a group of 
federal agencies whose policies and programs affect research and education. 
Meeting as an .Ad Iloc Working (iroup on Research-Intensive I 'niversities and 
the Federal Government of the Federal (Coordinating ('ouncil for Science, 
Fngi neering, and Fechnology (FCICISK'F), thev conducted their ow n studv in 
parallel with ours. 'I'he Working (iroup is chaired by Deputy Secretarx* of 
Education David Kearns, with National Institutes of F-Ieakh Director Bernadine 
Healy and National Science lu)undation Director Walter Massey serving as \'ice- 
( 'hairs. We are greatly appreciative to the I'XXiSK'F group for sharing its vi.^vs 
and for the data and information it has provided. Any interpretation of those data 
in this report is, of course, our own. 

Finally, we would be remiss indeed were we not to recognize the vital 
contribution made to this report by many members of the Office of Science and 
'Fechnology Policy and PC-VST organizations. In particular, our thanks go to 
Pierre Pcrrolle, William Raub, and James McCJullough for outstanding staff work 
throughout this activity. We would also thank .Alicia 'Fenuta and Philip Bolus for 
major contributions to the structure of the entire study, the organization of the 
public meetings, and the production of the report. 
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Executive Summary 



Introduction 

Vannc\ ar Bush's 1945 report. Science — The liuriless Frontier, promised the 
nation the possibility of a prosperous, healthy, and secure future if the 
I'nited States made a substantial commitment to basic research. Bush proposed 
specifically that the federal siovernment provide funds to the nation's colle2;es 
and universities so that they could generate new knowleds^e and scientific and 
engineering talent. That \ ision led ultimately to the establishment of the largest 
and stronj^est scientific and higher education enterprise that the world 
has ever seen. 

Tiie human and intellectual capital generated by I '.S. colleges and universities 
()\ er the past four decades has been the basis for a \ ast array of accomplishments 
that have touched the lives of all Americans: jobs in nev.' industries: sophisticated 
consumer products: technolosiical breakthroughs affectinsz; transportation, 
communications, and entertainment; an abundance of food; advances in medicine 
and public health; increased security ai>;ainst the threat of nuclear annihilation; 
and impro\ed protection a<^ainst natural disasters and en\ ironmeniai Jeiz;radati()n. 
The American taxpayer s investment in uni\ ersity-based r^^search has paid off 
handsomely. The 1945 promise has been more than fulfilled. 

Those accomplishments notwithstanding, the relationship between the .Vmerican 
public and institutions of his;her learning; is showiniz; serious sigjns of stress. This 
, artnership of over one hundred and fifty research-intensive uni\ ersities and the 
federal government has i^rown to be a research and educational enterprise of 
enormous size, scope, and complexity. Despite their success, or perhaps in part 
because of the e\ er incrcasinja; expectations derived from that success, 
universities are losins^; public confidence. The many partners in the overall 
entcrpri' c — students and parents, the federal and state «];overnmcnts, 
foundations and industry, and faculty and scientific communities — increasingly 
are expressin.s; discontent with the enterprise's current state and direction. 

The problems underlying that discontent must be addressed. In today's rapidly 
chan.^ing world, the I'nited States is confronted with shiftini^ national security 
needs, increasin,[^ economic and technokM^ical challen«i;es from other countries, 
and new environmental and public health concerns. If anything, America's 
dependence on its colleges and uni\ ersities both for creating new knowledge and 
for training new talent is greater now than at any time in our history. 
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In reviewing the health of the nation's research-intensive universities and their 
relationship with the federal uovernment, PC^KST has focused on six main areas: 



■ the inipHcations of a limited resource environment: 

■ the fundamental importance of tcachini^ activities at research-intensive 
universities: 

■ the erosion of public trust and confidence in our universities: 

■ federal investment in university-based research: 

■ interactions between universities and industry: 

■ and the identification and development of exceptional talent for science and 
technolouy. 

Findings and Recommendations 

I. A Matter of Limits: Adapting to a New Resource Environment 

Advancing the frontiers of knowledge is not. as it once may have been, a matter 
of intellectual luxury. In an era of relentless global economic competition, it is a 
national imperative. The I'nited States must continue, as a nation, to in\est in 
fundamental research. The returns on such research, although unknowable in 
adv ance, have proved enormous in the past and are likely to be even greater in 
the future, 

A realistic assessment of the next several decades indicates, however, that no 
matter how firm our national resolve may be to invest in the future, resources will 
not expand as rapidly as our intellectual capacity to pursue promising research 
opportunities. It is unreasonable to expect that the system of research-intensix e 
universities will continue to grow as it did during periods in the l%()s and 198()s. 

The cross-pressure of expanding opportunities and constrained resources poses a 
risk for the L'nited States: spreading its resources too thinly across its array of 
highlv trained investigators and research-intensive universities. Most of our 
research-intensive universities aspire to excel in all or most areas of scholarship 
and education. As worthy as those aspirations might seem, they are likely to 
be ill-advised. 'I'hey cannot be fully realized in an era of significantly constrained 
resources. 

The relentless quest for an ever broader range of activities will inevitably destroy 
the most important aspect of American higher education and research — (juality. 
We cannot afford t(^ allow our higher education to decline to the levels of 
mediocrity that now characterize much of our precollege education. 

14 
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So that research-intensive unix ersities may continue to function producti\ ely in 
an cn\'ironment of limited resources. I^C^AST urines them to: 



adopt more highly selective strategies based on a realistic appraisal of 
the future a\ ailability of resources and a commitment to meet world- 
class standards in all programs that are undertaken. 

Such strategies will require universities to: 

■ eliminate or downsize some departments and specialties rather than sustain 
less than world-class acti\ ities in every area of science and engineering: 

■ collaborate with other academic, industrial, and g()\ ernmental institutions in 
sharing instructional and research facilities and programs: 

■ build facilities or programs only where there are strong long-term prospects of 
sustaining them: and 

■ develop permanent institutional -^''echanisms for strategic plannin-/ -hat will 
foster a balance between acti\'ities and resources and among teaching, : ^search, 
and other missions that are commensurate with society's \alues and the needs of 
the uni\ersities, 

PC^AS'I also urges federal agencies and other supporters of research-intensive 
universities to: 

■ refrain from encouraging uni\ ersitios to embark on new research or education 
programs or the building of facilities when there is little or no long-term prospect 
of sust lining those programs: and 

■ refrain from developing or implementing research or education programs that 
would increase the net capacity of the system of research-intensi\ e universities, 

II. A Matter of Education: The Importance of Teaching at Our Universities 

More than e\ er in its history; .\merica needs its institutions of higher education to 
train scientists and engineers and educate citizens who can fill incrcasinglv 
technical jobs. It also needs them to educate citizens of a democratic society who 
can understand the principles of technologically-oriented public policy issues. 
Furthermore, it is essential that colleges and universities continue to adapt to rhe 
increasingly di\ erse educational paths of many of our citizens, and keep pace 
with their desire and need for life-long learning, l^nally, T.S. scientists and 
engineers must be capable of working in an international en\ ironment, in which 
foreign language skills are \ ery important. 

Many higher education institutions, including research-intensi\'e universities, are 
turning away from their educational mission, particularly from undergraduate 
education. We believe that many of the complaints of parents and students 
concerning the quality of undergraduate education are weJI-4ounded. Tnix ersities 
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should rcemphasizc ceachin.s; iivall its aspects, both inside and outside the 
classroom. In d()insz;so, many institutions will have to curtail some of their 
research activ ities. However, if institutions are selective in allocating; their 
resources, the net output of leadine;-ede;e research by our nationwide array of 
research-intensive universities need not decrease. 

PCAST recommends that universities strengthen their educational functions by: 

■ increasinsz; direct senior faculty involvement in teaching; at both the 
under2;raduate and ,iz;raduate levels, and in counseling of students: 

■ balancing the contributions of teaching and interaction with students with 
those of research and public service in evaluating and rewarding faculty: 

■ placmg less reliance on graduate teaching assistants and ensuring that they 
understand their subjects, are better prepared with regard to teaching methods, 
arc able to express themselves well in Knglish, and, like all faculty, are able to 
prov ide a supportive environment for women and minority students: 

■ increasing the involvement of undergraduates in hands-on frontier 
research: and 

■ placing greater stress on educating scientists and engineers in key foreign 
languages. 

Even as universities reeniphasi/,e teaching, they and their patrons working 
together must keep tuition and educational costs from rising faster than the 
income of the average American family. 

The federal agencies should ensure that their programs encourage universities to 
reemphasize education rather than discourage them — even inadvertently — 
froni taking the measures recommended above. 



III. A Matter of Public Trust: Restoring Confidence in Our Universities 

Public trust in universities is eroding. There is public concern about the rising 
cost of higher education and about whether the value of higher education is 
commensurate with the costs. There is also concern about a possible decline in 
(juality, especially in teaching. Both the public and the university community 
ha\*e been shaken by a few, widely publicized cases of scientific misconduct, 
conflicts of interest, and misuse of federal research funds. 

In addition, expectations of what universities can do for the nation are rising 
faster than are the resources available to meet those expectations. In a time of 
great change, there is imperfect consensus at best — both locally and at a national 
level — about where universities should place their emphases. Before issues of 
resources and priorities can be fully addressed, public trust and confidence in 
universities must be restored. 
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In our view: 



the uni\ersicy coniniunicy and its patrons, includinsi; federal ai^encics. 
must act in ways designed to preserve the core values that underlie the 
scientific and educational enterprise — free and creative pursuit of 
ideas and synere;isni between research and teachin.^;. (kirrent 
''politically correct" approaches in sonie universities are attacking the 
very foundations of higher education. 

In addition to reeniphasizing education (see Section 
II), we urge colleges and universities to: 

■ establish effective measures to eliminate 
fabrication, falsification, and plagiarism in scholarly 
work, and to eliminate fraud and waste in the 
administration of that work. 

PC.AST cautions, however, that excessive efforts to 
anticipate and eliminate all potential problenis can 
lead to bureaucratic strictures that underniine or 
stifle scientific creativity. 



IV. A Matter of Wise Investments: Federal Support of University-Based Thomas Murnn and Allan Bromley 

Research discussing issues at a PCAST 

public meeting. 

Short-term constraints on research and dexelopment (R&D) resources as well as 
the likelihood that resources will be limited well into the future have fueled a 
healthy national debate over priority setting in all sectors, 'i'he debate has 
covered many issues and i^enerated niany options. In the context of this report, 
PCL\vST addresses only those issues niost germane to the relationship between 
research-intensive universities and the federal e;overnment and only those issues 
directly pertinent to mathematics, the sciences (includint!; the social sciences), 
and engineering, 

PC^VST urges, first of all, that the following principles guide the relationship: 

■ Our nation must continue to invest enough in basic research to sustain world 
class accomplishnients in all major areas of science and technology. In those areas 
where I '.S, activity does not define the frontiers, it must be sufficiently close to 
those frontiers that we can exploit discoveries without delay, wherever and 
whenever they are made: 

■ .\ healthy federal government-university partnership — particularly in basic 
research — niust be maintained. It has served the nation well since World War II 
and we ha\ e ev ery reason to believe that it will do so in the future; 
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■ Federal agencies must, in their interactions with universities at all levels, 
recognize that they arc investing in institutions that simultaneously generate new 
knowledge and new talent, and that they are not just procuring 

research results: 

■ The federal government must pay the full costs of the university-based 
research it supports. To expect cost-sharing (except where it strengthens the 
research-teaching linkage or in other special circumstances) defeats the 
investment objective and may shift costs to students and their families; 

■ Federal funds for research should be allocated through competition on a merit 
basis. Basic research proposals froni federal laboratories should compete with 
those from universities for federal funds. The growing 'f^ructice of Congressional 
earmarking of R6s:D projects and facilities without merit review must cease and 
must not be initiated or encouraged by universities; and 

■ Much more attention should be focused on developing criteria for federal and 
other investments that this nation accepts as appropriate to its long-terni goals 
and aspirations. Criteria, by their nature, have much greater stability and 
longevity than do priorities, which are extremely sensitive to changes in the 
environment in which they are made. 

In the body of the report. PC.VST makes specific recommendations to federal 
agencies based on the above principles. They address: full federal 
reimbursement ofull legitimate indirect costs; the growing obsolescence of the 
physical infrastructure for university-based research; improvements in the 
administration of federal research support to universities; and reexamination of 
the role of federal laboratories. 

The recommendations regarding infrastructure include establishing a substantial 
federal program for the repair and renovation of university research facilities. 
The program would be nationally competitive and merit reviewed and would 
require SOoO matching from non-federal funds. Support would be available only 
to institutions that pledged to forego any federal funds earmarked without merit 
review. The program would operate only for a catch-up period of a few years to 
enable universities to bring their facilities up to an appropriate level of modernity. 
Beyond that period, universities would be expected to keep their facilities 
current on the basis of federal indirect cost support and other resources. 
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v. A Matter of Two Cultures: Universities and Industry 

Some ot'thc cultural differences that have \on^ surrounded industrial research 
and university research have had the unfortunate effect of unnecessarily 
inhibitini^ the most effective interaction between industry and universities. The 
notion that each sector had its own well-delineated and isolated role and that new 
knowled.s;e would flow as rapidly as necessary and in one direction from the 
universities to industry is completely at odds with today's world. 

Today the pressure of international competition has introduced a critical tinie 
dimension into the system. The issue is not simply how much new knowled.2;e is 
bein.«^ generated but also how fast it is beini^ translated into economically and 
socially beneficial products and processes. This arsiues for a much i^reater flow of 
information and. especially, of people in both directions between universities and 
industPN*. 

Despite recent .^ains in building linkages between I'.S. universities and industry, 
there are still too many indi\ iduals in each sector who hold negati\ e per^ pecti\ es, 
attitudes, and stereotypes with respect to the other sector. The nation cannot 
afford to have this situation persist, and much more effort is required to overcome 
it. K\*en fundamental research that is not expected to yield short-term answers to 
industry- s scientific problems can benefit from being informed by the technical 
concerns of industry, ('onversely, I'.S. industn* should have the benefit of easy 
and inimediate access to the new knowledge and new talent generated by 
universities. Kxchange of personnel, at all levels, is the surest answer to these 
problems. 

Accordingly. PCIAS'I' recommends that: 

■ uni\ersities and industry together, through a wide range of concerted actions, 
should exchange scientists and engineers at all levels — especially their verv 
best — between the two sectors for substantial periods of time and repeatedly 
throughout their careers. 

Vl. A Matter of the Best Scientific Talent: Tapping the Nation's Talent Base 

Most important scientific discov eries have been made by a small number of very 
gifted people who had been provided the opportunity and time to pursue their 
intellectual interests. Brilliant young people can be found throughout the 
population — within both genders and every race and ethnic group, in every 
economic situation, and in e\ ery region of the countn*. Stronger public policies 
must be designed to identify scientifically-gifted persons at an early age and 
to help them dev elop their talents to the fullest, no matter what their 
circumstances. 
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If the I 'nitcd States is to continue to lead the world in basic scientific discovep.es 
and in their exploitation, we will need to identify the most talented you niz; people 
at the earliest possible time, encoura,(z;in.i»; their interest in advanced education 
and science, and .i;i\ in.2: them a sense of purpose as they pursue their education 
and career paths, 

Considerin.^ that potential science and eni^ineerin.^ talent is well distributed 
throu.^hout the population, in di\ erse economic circumstances, and throus^hout 
the country, IKlAST recommends: 

■ that the federal government dev elop pro.iz;rams to award a substantial number 
of portable undergraduate scholarships and graduate fellowships in science and 
en.nineerin^ in each ( !on,sz;ressi()nal district, 'I'hese awards would be made on a 
nationally competitive basis, usin.^ non-political, merit criteria. 

As with the traditional program of National Science l-'oundation graduate 
fellowships, only citizens and permanent residents would be elijj;ible; awardees 
would be able to attend any I '.S. institution of their own choosing; and 
reasonable allowances would be included to cover institutional costs, 'Vbc 
underj^raduate pros^ram would include both bese;innin,£z; students and some who 
have completed one or two years of underiz;raduate work. 

PCAST notes that federal, state, and local tax policies should bolster, not 
undermine, the nation's investments — both public and private — in human 
capital. P(>AS'r recommends that: 

■ federal, state, and local gov ernment end all taxation of scholarships, 
fellowships, and student stipends for participation in research. 

Finally, research-intensive univ ersities can have a major effect on the 
development of scientific talent by educatin.i!; inspiring teachers of precolle.^e 
science and mathematics. PCAST. therefore, recommends that: 

■ research-intensive universities ^ive iz;rcater emphasis to the education 
(includin,!!; continuin.ti education) of precollege teachers of science and 
niathemacics; and 

■ the federal s^ovcrnnient provide scholarships or service-repayable loans to 
encourage talented students to attend research-intensive universities for careers 
as precolle^e teachers of science and mathematics. 
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Beyond the Horizon 



This report is inccnded co address pressin.s; problems chat chreacen the productive 
relationship between the federal s^overnmenc and research-intensive universities. 
We believe that the fundamental premises of this relationship are sound but that 
improvements are required for it to avoid deterioration and achie\ e its fullest 
potential. 

We reco,e;nize the present time as one of tumultuous and profound chan.^;es in 
.American society and in the world. The ending of the C;!()ld War, the emerp;ence 
of the European Community and nations of the Western Pacific Rim as economic 
powers, the chans^ing demct^raphy of the American population, the ever 
increasing!; power of science and technolo2;y, and the i^;rowins; awareness of new 
societal problems to which science and technology can be applied all reciuire 
fresh and creative thinkins; of overall federal science and technology policy of 
which federal government-uni\ ersity relations are a part. While the current 
framework has served us well for four decades, it is far from obvious, as we m()\ e 
into the swifter current of the twenty-first century, that it will retain the validity it 
had when it was established in the middle of the twentieth century. 

In our view, we must look beyond the immediate issues addressed in this report 
and conduct a broad national reexamination of the place of research and 
development in our national life — including its fundamental rationale, goals, 
organization, funding, and administrati\ e mechanisms. The importance of 
generating new knowledge and new technologies and of educating scientists, 
engineers, and the general public for the twenty-first century demands no less. It 
is the intention of PCAST, drawing fully on federal and state government as well 
as private sector expertise and experience, to undertake such a reexamination in a 
subsequent report. 
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Renewing the Promise: 
Research-Intensive Universities 

AND THE Nation 



Progn js in the xs:ar against disease depends upon a flow ofn^^ scientific knowledge. 
New products, new industries, and more jobs require continuous additions to 
knowledge of the laws of nature, and the application of that knowledge to practical 
purposes. Similarly, our defense against agression demands new knowledge so that 
we can develop new and improved weapons. This essential, new knowledge can be 
obtained only through basic scientific research. 

Vannevar Bush 
Science — The Endless Frontier 



The Promise 

With these words \annevar Bush bco;an his momentous 1945 report to 
President Truman on the role of science and technoIos;y in the postwar era. 
His messai>;e was straightforward: without scientific pro.s^ress and advanced 
education, the nation could not hope for rapid increases in its standard of living, 
its economic well-being, the health of its citizens, and its national security. 

Science — The Endless Frontier tffcciwdy promised the nation that science could 
yieid enormous benefits if three conditions were met: 

■ That the I'nited States, as a nation, make a substantial commitment to 
conducting basic research: 

■ That America s colleges and universities, both public and private, take on the 
responsibility of providing the nation with the requisite new knowledge and 
scientific and engineering talent: 

■ And that the federal government pro\'ide the funds to enable academic 
institutions to meet those new responsibilities. 

Out of those conditions emerged a uni(]ue partnership between the federal 
government and America's colleges and universities. The public would invest in 
institutions of advanced learning and scholarship, and those institutions would in 
turn produce the new knowledge, understanding, and human capital that would 
fuel economic growth, improve public health, and strengthen national security. 
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What is a Research-Intensive University ? 



No other nation has the advantage of such a large and diverse collection of world- 
class universities, each of which has developed strong capabilities in many fields of 
basic research, advanced education and public service. How many can be called 
"research-intensive" depends on the criteria applied — such as number of graduate 
students, national and international reputation, size of faculty, size and significance of 
their research and education programs, or amount of Federal research funding. 

For purposes of this report, the precise number is not important. However, PCAST 
was curious as to what overall number of universities performed most of the research 
and educated most of the doctoral students. Using two criteria — namely, those that 
together produced 90% of the Nation's doctorates in science and engineering between 
1931 and 1990 (the latest available year), and expended 90% of academic research and 
development funds from all sources during that decade — resulted in a total of 170 
universities. 

These universities are located in virtually every state. Some states with large popula- 
tions, such as California, New York, Texas and Massachusetts, have several; others 
such as Michigan, Florida, Illinois and Wisconsin, have fewer but generally larger 
ones. About two-thirds are state institutions, and the rest privately-governed. 
Significant increases in state and federal funding for education and research during 
the 1960s, and again in the 1980s, led to the creation or expansion of many state uni- 
versities — particularly as Southern and Western states grew in population. 

The character of each research-intensive university depends on its individual history. 
They range, for example, from the large land-grant universities of the Midwest — with 
their teaching hospitals, agricultural extension services and sizable engineering 
schools — to mid-size institutions founded by religious organizations long before the 
Revolution, to smaller polytechnicai universities that concentrate in a few fields. And 
beyond any total that could be generated using broad criteria, there are many other 
universities with one or several nationally-competitive research departments, devel- 
oped in response to local or regional industry needs or some other feature unique to 
the institution's location. 
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The Promise Fulfilled 



X'unncvar Bush s vision ultimately led to the establishment of the lar2;est and 
stronsi;est scientific and hii^her education enterprise that the world has ever seen. 
This enterprise has fulfilled the promise of science to a ,i^reater extent than could 
possibly have been anticipated ri^z;ht after World War 11. lb cite a few of the most 
dramatic examples: 

■ Agricultural research conducted at our land-^;rant and other universities has 
served as one of the earliest models of a federal ,i^o\ ernment-university 
partnership. The continuation of that partnership since World War 11 has led to 
[-productivity levels so i^rpat that two percent of the population of the Tnited 
States produces enou^ih food for our entire nation and lart^e surpluses for export 
as well: 

■ Research in medicine and the bioloti;ical sciences carried out in our universities 
and medical schools has led to vast improvements in the health of people around 
the world and has s^ienerated a new biotechnology industry in the I nited States; 



Figure 1 

Distribution of National R&D Funding by Source, Performer and 
Character of Work, 1991 
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Diversity is a prominent cnaractensttc of the U S R&D systenn. In no other nation ao so many dif- 
ferent sDonsors foster aiscovery and innovation in so nnany different disciplines v^ithin so many 
different institutions. Yet. annidst this diversity, basic research is significantly dependent upon a 
Single class of relationships — those where a federal agency is the sponsor and a university is the 
perfornner During 1991, of the $23.5 billion expended within the United States for basic researcn 
(16 percent of all R&D expenditures that yearl. the federal government provided over 60 percent 
of the funds, while universities carried out almost half (47 percent) of the work. 
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■ I'liivcrsity research on the structure of matter and the properties of materials 
prox ided the key foundations for a multibillion-dollar microelectronics industry, 
which in turn has fueled computer and telecommunication industries and has 
changed the nature of society throughout the world; 

■ Basic materials research has also led to critical ad\ ances in aerospace and other 
technolo.i^ies. These, t()2;ether with electronic and computer technolo^^ies, have 
hecn amon^^ the resources with which the I'nited States buttressed its national 
security duriniz; more than four decades of the (lold War: 

■ Social scientists at our uiiiversitics have provided us with the fundamental 
concepts that imderlie the survey research and economic analyses on which 
business institutions rely for their marketin.s^ and financial planning!; and on which 
federal, state, and local .iz;overnments depend in makinii; public policy; 

■ Manv technoloi^ies tlowiniz; from fundamental university research have made 
possible a whole new era of entertainment, continuing education, and public 
information access; 

■ h'undamental ad\ ances in j')hysics, chemistry, and biotechnology have 
spawned a revf)luti()n in environmental science and technology. For example, 
rather than simply dispose of haz-ardous wastes, the focus is now on reduction of 
waste at the source and on reclaiming valuable components of industrial and 
other waste streams to yield environmentally benign residues; and 

■ I'niversity research has proxided us with much of cur draniarically iniprox ed 
understanding of such natural phenomena as earth(|uakes, hurricanes, and other 
severe weather patterns. That knowledge has served to reduce the loss of li\ es, 
improve buildings, bridges, and other structures, and mitigate major economic 
losses — in short, to prevent natural ha/-ards froni becoming national disasters. 

Basic scientific research and the associated dex elopment of scientific talent are 
only two agents of progress. Many kinds of institutions — public and private, 
industrial, and financial as well as scientific and educational — also contribute to 
our economic growth and well-being. But, over the past four decades, the 
.\merican public has placed both its faith and its tax dollars in our colleges and 
universities so that the new knowledge, technological advances, and human 
talent that these institutions are uni(juely capable of producing wou^d in turn 
generate wealth, health, and security for the nation. 

The recorvl of those four decades is clear: the promise was more than fulfilled, the 
faith of tivj public was rewarded, and the in\ estnient continues to pay off. 
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The Growth of the enterprise 



The federal research enterprise in America has become lar^e and very complex, 
invoh'ins: more than twenty federal a.ti;encies, each with its own mission, 
man.iiiins hundreds of individual pro.t^^rams. More than one hundred and fifty 
nni\ . rsities are at the center of that enterprise. Because most faculty at those 
institutions devote considerable efforts and resources to research as well as 
tcachin.^, the universities are referred to in this report as ''research-intensive 
universities/* They are dispersed over virtually every state in the I 'nion and 
exhibit considerable diversity in size, character, and t^^overnance. The 
interrelationships between the federal go\'ernment and those universities loom 
lar^e for both partners, althoue^h this is but one component of a complex array of 
university activities and federal research pro.^rams. 

hederal support of university- and colle^^e-based pro.^rams has .t^;r()wn 
substantially since World War il. This support has focused on student aid and 
the sponsorship of research activities, particularly basic research. Ox erall. the 
I .S. system of research-intensive uni\'ersities is rou.^hly three times the si/.e it 
was thirty years aj^o: in enrollment and de.^ree production at all levels, in 
numbers of faculty, and in numbers of research s»:aff. The capacity of our 
universities to produce doctorates is well over ten times what it was in the 
immediate postwar years. 



Figure 2 

Federal Expenditures for Research in Total and for 
University-Based Research 
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The federal government has been and continues to be the principal source of funding for the sub- 
stantial expansion of U.S. research activities that has been underway since the end oi World War 
II and especially since the nnid- 1970s Federal funding for university-basea research has consti- 
tuted a Significant fraction of this investnnent throughout the last four decades, reaching approxi- 
mately $9 billion or almost 35 percent of the total in 1 990 
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In real (inflation-adjusted) terms, federal support for university-based research is 
now about fn e times w hat it was thirty years a.^o. Althoui^h federal support is 
still concentrated in a relatively small number of institutions, o\ er three decades 
more institutions have become larii;er partners in federally supported research and 
development (R6cD). In the postwar period scarcely a dozen institutions 
recei\ ed half the federal funds j;ranted to universities. .\t present, over thirty 
universities account for thai tlrty percent share. 

In sum, the implementation of X'annevar Bush's 1945 \ isic;n has led to the 
unprecedented .grow th of research-intensive universities throuj2;hout the nation. 
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Signs of Stress 



Various members 

bp THE HIGHER 
EDUCATION 
COMMUNITY HAVE 
DESCRIBED THE 
RELATIONSHIP OF 
THEIR INSTITUTION 
TO THE FEDERAL 
GOVERNMENT . . . 
AS INCREASINGLY 
ADVERSARIAL. 



The stren2:th of the enterprise and the .i^rcat value of its contributions to the 
nation notwithstanding;, the relationship between the American public and 
institutions of hie^her learninii; is showin.e; serious signs of stress. In the current 
public debate on research and education in American universities and colle.ii;es, 
the following points are frequently heard: 

■ ^^udents and their families are concerned that the (juality and value of the 
education provided by colleges and universities are not commensurate with its 
rising cose: 

■ Faculty and administrators express deep concern that, despite a steady and 
substantial growth of government support, resources for basic research and 
advanced training are falling far short of what is recjuired either to permit 
exploitation of the myriad opportunities that have been opened up through 
research successes in recent decades or to enable our growing national pool of 
highly trained investigators to pursue their scientific careers; 

■ Both the university world and the tax-paying public have been disturbed by 
isolated but sobering incidents of faculty and institutional misconduct. 'Vhh has 
diminished the nation s confidence in academic institutions; 

■ \ arious members of the higher education community ha\ e described the 
relationship of their institution to the federal government, particularly as it 
pertains to the support of university-based research, as increasingly 
adversarial; and 



l-\iculty and administrators are concerned that the federal government is 
demanding more applied research as a \ isible contribution to the nation's 
economic competitiveness. 

These points serve to underscore some of the diversity and multiplicity of 
partners in the nation's large and complex research and higher education 
enterprise. Those partners — students and parents, federal and state 
governments, foundations and industry, faculty and scientific communities — 
have e\ er increasing expectations about what the research-intensive universities 
can provide: more research, more education, more service to local industry' and 
communities. At the same time, all those who have a stake in the enterprise — 
both inside and outside the universities — have become unsure that their 
expectations can be met. In a sense, the enterprise may have become the victim 
of its ow n success. As Hanna (jray, president of the I'niversity of Chicago, 
suggested in her 1992 keynote address to the American Association for the 
Advancement of Science, 



0//r imiz'ersiries have (irrived at a stage of maturity hunicned by too many tasks 
, . . afu/ too great a roufusion of expectations, hy the cousequeures and distortions 
of exressive gro^'th, . , , and //y the illusion that comprehenshveness is necessary 
for institutional distinction, 
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Ever increasing Expectations 

World War II left the rniccd States in a position of economic preeminence with 
respect to both its defeated adversaries and its devastated allies. It also left us in 
a newlv adversarial position with respect to the Soviet Union, the central and 
eastern European nations that the TSSR had come to dominate, and its then ally, 
C^hina. Much of the rest of the world was emerging from a long colonial era. The 
national security imperatives of the C^old War — particularly the aerospace and 
electronic requirements of defense — were one of the engines that drove much 
of the federal government s commitments to R&D for four decades. Other 
important engines have been commitments in the area of health and the needs 
for an assured energy supply and for a more highly trained labor force. 

With the remarkably swift end of the C^old War and major political shifts in the 
world, the long-term national security needs of the Tnited States cannot be easily 
defmed todav. What is likely is that uncertainty will become a feature of a more 
tluid international system. Preparedness in the face of uncertainty is even more 
complex and ultimately more technologically demanding. If anything, 
technological advances will be more important than e\'er before in ensuring our 
national security needs. 

Figure 3 

Increasing Dispersion of the Nation's University-Based R&D Activity 
as Shown by Expenditure Distribution in Four Selected Years 
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The numDer of universities participating in the national R&D effort has been growing over the last 
several decades. As a conseauence. the most research-intensive universities have accounted for 
a progressively snnaller share of expenditures for university-Dasea R&D. The changes m recent 
years, while consistent with the long-term trend, nevertheless are mocest comoared to those 
that occurred between the eaily 1960s and the eariy 1970s. 
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PCAST IS CONCERNED 

THAT America's 

UNIVERSITIES ARE 
NOT AS WELL PdlSED 
/^S THEY SHOULD BE 
TO ASSUME THE 
RESPONSIBILITIES OF 
THE FUTURE. 



Although the Cold Wan with its complex sec of implications for the nation's R&D 
programs, is no longer center stage, new developments, particularly in the 
international economy, are presenting new challenges for the nation. The 
industrial economies of Japan and Germany as well as those of major Western 
European countries have been rebuilt, largely on the basis of technology- 
intensive strategies. Former colonial and quasi-colonial economies on the Pacific 
Rim — South Korea, Taiwan, Hong Kong, and Singapore — have surged ahead 
with export-led strategies rooted principally in the elec tronics industry. All of 
these countries, as well as others — such as China — on the horizon, will 
continue to pose a powerful economic and scientific challenge to the United 
States. 

Paralleling the widespread economic and population growth of the past three 
decades has been the emergence of global environmental concerns. By their very 
nature these can only be addressed on a multinational basis — both in terms of a 
scientific understanding of complex physical, biological, and human phenomena 
and in terms of policy responses to environmental threats. This is another of the 
new R&D challenges before us. FinalK; we arc approaching a new frontier in the 
area of the life sciences that provides many new opportunities for both the relief 
of human suffering, the further advancement of world agriculture, and the 
development of important new industries. 

As America looks to the future, it is clear that the nation's dependence on its 
colleges and universities for creating new knowledge and training new talent will 
be greater than at any time in our history. Over more than four decades our 
research-intensive universities have shouldered a weighty responsibility for the 
nation. Reflecting a unique American belief that higher education and research 
are inextricably linked and synergistic, we have made equally unique demands 
on our research-intensive universities — both for new knowledge and for young 
minds trained to use it in a creative and innovative fashion. No other nation has 
made comparable demands on their universities. 

PCAST is concerned that America's universities are not as well poised as they 
should be to assume the responsibilities of the future. PCAST is also concerned 
that the American public no longer has the confidence in universities that they 
will need if they are to meet those responsibilities. This unhealthy situation puts 
the nation's future in jeopardy. 

P(;AST lias sought to identify the weak points that threaten the otherwise strong 
web that has bound together for many decades the federal government and the 
tax-paying public with the research-intensive universities. In the six sections 
that tollow, PC^AST presents its findings and recommendations for restoring the 
relationship. 
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I. A MATTER OF LIMITS: 

ADAPTING TO A NEW RESOURCE ENVIRONMENT 



"'We are in the paradoxical situation of being unable to support adequately all of the 
valuable scientific work we are now capable of doings while at the same time we are 
generating the capacity to do more, 

Robert M. Rosenzweig, President, Association of American Universities 

July 1992 statement to PCAST 



''America's research universities today rest on unstable and shifting ground. " 

Charles Vest, President, Massachusetts Institute of Technology 

June 1992 statement to PCAST 



Advancing the 
frontiers of 
knowledge is not, 
as it once may 
have been, a matter 
of intellectual 
LUXURY. In an era 

OFRELENTLESS 
GLOBAL ECONOMIC 
COMPETITION, 
IT IS A NATIONAL 
IMPERATIVE. 



Advancing the frontiers of knowlcdi^e is not, as it once may have been, a matter 
of intellectual luxury. In an era of relentless 2;l()bal economic competition, it is a 
national imperative. The I'nited States must continue, as a nation, to invest in 
fundamental research. Because the ultimate applications that might derive from 
fundamental research are largely unforeseen, there are no easy answers to such 
questions as '1v,)\v much basic research is optimal?" or "in what specific areas of 
science should investments be concentrated?" Expenditures in basic research 
are an investment with returns that, although unknowable in advance, have 
proved enormous in the past and are likely to be even greater in the future, 

.\ realistic assessment of the challenges facing America in the next decades 
indicates that the key issues before us will be different from those of the past. In 
particular, unless we achieve more robust and sustained levels of economic 
growth we will face some very difficult choices. In such an environment, all 
public resource commitments will receive new levels of scrutiny, and the 
university-based system of research and education is not likely to expand for the 
indefinite future. It is probably unreasonable to expect that the system will 
continue to grow as it did for periods in the 196()s and 198()s, (iiven the resources 
that the nation is willing and/or able to devote to this enterprise, the system may 
already have exceeded its steady state capacity. 

The financial stresses already experienced by both our institutions of higher 
learning and their many different supporters — students and their families, the 
federal government, and state and local governments — are only in part a 
reflection of ongoing economic cycles. These short-term conditions should not 
obscure longer-term challenges brought about by relati\ ely slow growth in family 
income, intense international competition, and rising costs of cutting-edge 
education and research. 
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It is probably 
unreasonable to 

EXPECT THAT ThfE 
SYSTEM WILL ^ 
CONTINUE TO GROW 
AS IT DID . . . IN THE 
1960S A'ND 1980S. 



Quite apart from particular economic conditions, the nation has to contend w ith 
two sets of cost issues. Tlie first is that die system contains two built-in ij;r()wth 
factors. Almost all research breakthroughs open multiple opportunities that can 
be pursued, each holdinji; the promise of new rechnoloiiies, new industries, new 
con(|uests ox er disease, and new tools for impro\ imz; the human condition. These 
(.le\ elopments raise national productivity, wai^c rates, and the cost of attractinsj; 
talented investi£2;ators to the research enterprise, l^'urthermore, the system has a 
kind of '^natural population .growth." Hach university scientist usually trains 
many new scientists, several of whom now typically remain in the university 
system. 

The second cost issue pertains to inflation — not only that which affects the 
economy as a whole, but "sophistication inflation." Kach scientific ad\ ance 
re(|uires more complex and sophisticated techniques, instrumentation, and 
facilities than did the last. l%ach successive stej) forward is a longer step but a 
more costly one as well. 

1 he cross-pressure of expanding ()pp{)rtunities for iin estment in research and 
constrained resources poses a risk for the I nited States: spreading our resources 
too thinly across an array of highly trained investigators and research-intcnsi\ e 
uni\ersities. The relentless (juest for an e\er broader ran.i^e of activities will 
ine\ itably destroy the most important aspect of American higher education and 
research — (juality. We cannot afford to allow higher education to decline to the 
le\ els of mediocrity that now characterize much of our preeollej^e education. 

Most of our research-intensi\ e universities aspire to excel in all or most areas of 
scholarship and education. .Vs worthy as those aspirations mii^ht seem, they are 
likely to be ill-ad\ ised. They cannot be fully realized in an era of relati\ely 
constrained resources. Our research-intensive universities must adopt more 
highly selecti\ e strateii^ies. 

Hven for those who still belie\e in optimistic scenarios, an important observation 
applies. Those institutions that ha\ e maintained the highest standards of quality 
by being selective in their investments in faculty and physical plant are the ones 
that will be in the best position zo compete successfully for apd make effective 
use of any significant new resources that might become available. 



Recommendation One: Adapt Quickly and Responsibly to a Constrained 
Resource Environment 

So that research-intensi\e uni\ ersities may continue to function producti\ ely in 
,in en\ ironment of limited resources, PCiAST urges them to: 

adopt more highly seleeti\ e strategies based on a realistic appraisal of 
the future availability of resources and a commitment to meet world 
class standards in all programs that are undertaken. 
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vSuch strategies will require universities to: 



Spreading our 

RESOURCES TOO 
THINLY . . . WILL 
INEVITABLY DESTROY 
THE MOST IMPORTANT 

ASPECT OF American 

HIGHER EDUCATION 

AND RESEARCH 

QUALITY. 



■ eliminate or downsize some departments and specialties within departments 
rather than sustain less than world-class activities in every area of science and 
engineering; 

■ collaborate with nearby institutions (academic, industrial, and governmental) 
in sharing instructional and research facilities and programs, with the aim of 
conserving limited resources: 

■ build facilities or programs only where there are strong long-term prospects of 
sustaining them. The expectation that, somehow, new resources will become 
available to sustain initiatives must be viewed with skepticism. Without long- 
term sustainability, initial investments result in squandered resources: and 

■ develop permanent institutional mechanisms for strategic planning that will 
foster a balance between activities and resources and among teaching, research, 
and other missions that are commensurate with society's values and the needs of 
the universities. 

PCAST also urges federal agencies and other supporters of research-intensive 
universities to: 



■ refrain from encouraging universities to embark on new research, new 
education programs, or the building of facilities when there is little or no long- 
term prospect of sustaining them: and 

■ refrain from developing or implementing research or education programs that 
would increase the net capacity of the nation's research-intensive universities. 
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IL A Matter of Education: The Importance of 
Teaching at Our Universities 



Conducting research has become such an overwhelmingfocus on today 's campuses that 
those professors iSL'ho still manage to teach more than a few hours a week are actually 
looked down upon by their peers, to say nothing of the negative effect teaching has on 
chances for tenure, pay and promotion. 



Representative Patricia Schroeder 
Chairman, Select Committee on Children, Youth and Families 



The best teacher in the world is known only to the perimeter of his campus, while a 
mediocre researcher is known around the world. 



Norman Hackerman, former president of 
the Universit\^ of Texas at Austin and of Rice University and 
former Chairman of the National Science Board 



To meet a wide range of its future needs, the Nation will ha\ e to educate a hi.^her 
percentage of its citi/.ens in science and technology. Those needs include: 

■ filling demanding positions in competitive, high-technoiogy manufacturing 
industries such as computers, biotechnology, and medical instrumentation: 

■ finding solutions to a wide range of problems in such areas as environmental 
control and disease prevention: 

" making sound decisions in technically-based spheres of corporate 
management, legal affairs, and public policy: and 

■ participating effectively as citi/.ens of a democratic society, by having the 
ability to understand the principles of technologically-oriented public policv 
issues. 

But at the \ery time that highly-trained scientists, engineers, and technicians and 
scientifically literate lay persons are more important than ever to our society, 
declining numbers of high school students are interested in science and 
technology, and most have inade(|uate precollege preparation in these areas. 

In addition, the traditional model for producing scientists and engineers where 
one completed a formal college or graduate school education and then moved on 
to career activities having completed education — if it was ever true, is no longer 
\alid. If the system does not adapt to massive changes in the demographic 
composition of the student body (which is older on the average, culturally and 
ethnically more diverse, and includes many individuals attending college part- 
time) and does not take advantage of relativ ely new post-secondary institutions 
such as community colleges, opportunities may be foreclosed to some talented 
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The U.S. Higher Education System 



Higher education is a major, complex and diverse enterprise in the United States. 
Overall, it comprises more than 3,000 colleges, universities, specialized institutions 
and professional schools, employing a total of 750,000 faculty and serving about 12,4 
million students. 

Several types of institutions play varying roles in educating students for mathematics, 
science, medicine and engineering. Many of the 1,250 two-year colleges have impor- 
tant missions in technician training, especially to meet the needs of local industry ~ 
and a sizable and expanding role in preparing students for transfer to baccalaureate 
institutions. There are about 1,270 institutions with programs primarily at the bache- 
lors'- and masters'-degree levels. They annually award about 180,000, or 55%, of the 
baccalaurates, and about 40% of the 60,000 masters' degrees, in science and engineer- 
ing. 

Another way of viewing higher education institutions is by the student populations 
they serve. More than a hundred historically black colleges and universities, some of 
considerable distinction in research, education and medicine, have evolved from seg- 
regationist beginnings in Southern states. Also, as the demography of the U.S. popu- 
lation changes, a growing number of colleges and universities in several areas of the 
country now have student bodies comprising sizable numbers of Hispanic-Americans 
and Asian-Americans. 

Faculty at those institutions and at hundreds of others contribute to the Nation's 
research effort; about 1,100 colleges and universities annually report at least some 
spending on research. A small group of highly selective liberal arts colleges send a 
relatively larger proportion of their students on to the doctorate than do most four- 
year institutions; indeed, faculty at these "research colleges" regularly win nationally- 
competitive funding for their own research. 

In fields other than science and engineering, almost all four-year degree holders have 
completed two or more science courses and two or more mathematics courses. Many 
of them will become pre-college science or mathematics teachers, and many others 
will become leaders in business or government who make decisions involving scien- 
tific or technological matters. And most are (or become) citizens who will exercise 
many choices during their lifetimes about public issues having substantial scientific or 
technical content. 
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persons not on the traditiona! path. Kdiication must be viewed as a concinuin.s;, 
life-lono; component of the life of each of our citizens, and an attractive, 
accessible means of achieving life-loni^ education must be provided throuji^hout 
the nation. 

Impro\ ed teachin.s; and learnin.s; of science and techn()loa;y arc needed 
throu.2;hout the system. All institutional le\'els — elementary schools, junior high 
schools and high schools, two-year colleges, undergraduate c. lieges and 
universities, and doctoral institutions and those involved in continuing education 
— ha\'e a role and a stake in providing a high-quality education in science and 
technology to all of their students, Research-intensi\ e universities ha\'e a 
particularly powerful role as a consequence of their extensix e research programs 
and associated activities with industry and government and their responsibilities 
in preparing the next generation of teachers. 



Figure 4 

Number of Academic institutions by Type 
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The U.S. system of higher education could not oossibly have keot pace with the enrollnnent 
increases without significant structural change; and that change was well underway by the mid- 
1960s. The most prominent feature was the creation of about 1,000 new two-year colleges. The 
continuing challenge with respect to science and technology is to help ensure that these colleges 
provide the educational opportunities — DOth directly and through affiliations with four-year col- 
leges and universities — that will prepare students for science ana technology careers 

"Universities" refers to institutions tvoed by the Carnegie Foundation for the Advancement of 
Teaching as "research" ana "doctoral" "Four-year+ ' refers to Carnegie's "comprehensive" and 
"liberal arts" institutions. 
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Figure 5 

Higher Education Enrollment* by Type of Institution 
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The decline m college and university enrolinnents that inevitably acconapamed World War I! quick- 
ly reversed during the post-War years as former members of the military, many aided by the G.I. i 
Bill, entered or reentered higher education. However, by the mid-1950s, when most of the 
cohort of returning veterans nad passea through the system, the level of enrollment once again 
became pnmarily a function of the number of traditional "college age" persons in the population 
— le., the 18-21 year-olds. 

This pattern held until the mia-1960s, after which I'me enrollment in undergraduate programs 
began growing much more rapidly than traditional "college age ' population and then continued 
growing, albeit more slowly, despite the decline in that age group as the 'baby boom" cohorts 
successfully achieved adulthood. Since the mid-1960s, the number of students enrolled in U.S. 
institutions of higher education has grown by a factor of four — '.e., from about 3.5 million in 1 960 
to about 13 million in 1990. This was the result of increasing participation of many different age 
groups, especially students over 25 years of age, as well as women and minorities in general. 



However, many higher education institutions, includin<j; rcsearch-intensi\ e 
uni\ ersities, have come under fire for seeming to turn away from education, 
especially of under<=;raduates, toward research and other activities. Parents and 
students complain of: 

■ too httle direct contact between undergraduate students and senior faculty, 
both in and outside of the classroom: 

■ too much reliance on persons other than faculty members for educational 
counseling; ' ' 
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■ too many early courses taui^ht by .graduate teaching assistants — some of 
whom are ill-prepared to teach, some not fluent in English, and some exhibiting 
hostile attitudes toward women and minority students: 

■ too many course offerings, including some that appear duplicative or that 
reflect ver\' narrow faculty interests peripheral to students' needs for an 
intellectually integrated education: 

■ years of continuing tuition increases, severely pressuring a family's capability 
to afford higher education — particularly given recent economic conditions: and 

■ failure to orient students to the full range of intellectual and career 
possibilities of the world into which they will graduate. 

America s educational needs are greater than ever. It is critical to the nation s 
future that universities reemphasize their educational mission and apply their 
unique resources to society's educational re(|uiremcnts. PC^AvST believes that 
increased attention to educational activities need not drive up the costs of 
education and need not be at the expense of the net research output of truly 
valuable new knowledge from the research-intensive university system as a 
whole, 

Reemphasizing education will re(|uire improving teaching performance and 
raising teaching productivity, as difficult as those may be to evaluate and 
measure. While experience has demonstrated clearly that prior research 
performance is the best available indicator of future professional productivity, it is 
fundamentally more difficult to measure teaching performance. For example, 
evaluations of teachers by students five years after graduation arc typically 
dramatically different from evaluations made at the time courses are taken. 

Recommendation Two: Reemphasize Teaching 

Kach research-intensive university should review, in a searching and 
comprehensive manner, the nature and cjuality of its teaching programs — 
particularly in science, mathematics, and engineering — with a view to improving 
teaching performance and productivity. PC'AST in no way implies that 
performance and productivity problems are limited to those fields: rather our 
experience and expertise limit our consideration to them. More specifically, each 
research-intensive uni\ ersity should develop policies and programs to: 

■ increase direct senior faculty involvement in teaching at both the 
undergraduate and graduate levels and in counseling of students: 

■ balance the contributions of teaching and interaction with students with those 
of research and public service in evaluating and rewarding faculty: 
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■ place less reliance on .graduate teachin.^ assistants and ensure that they 
understand their subjects, are better pre}xired with re,sz;ard to teaching niethods, 
are able to express themselves well in Kn.<2;li:jh, and, like all faculty, are able to 
provide a supportive environment for women and minority students: 

■ increase efforts to invoKe underH;raduates in hands-on frontier research: and 

■ place .greater stress on educatin.^ scientists and engineers in key foreign 
lane^ua^cs. 

Kven as universities reemphasizc teachin^iz;, they and their patrons workin.s; 
toi>;ether must keep tuition and educational costs from risin.iz; faster than the 
income of the avera.i!;e American family. 

In addition, k\v.: research-intensi\ e universities should: 

■ de\ elop new peda^o.i^ies, includin.^ technoloiziy-based teachimi; methods, for 
underiz;raduate teaching. These new peda.iZi(),i!;ies should be aimed as much or 
more at non-science majors as at chose intendins; to pursue careers in science and 
techn()l().t!;y: 

■ help cwo-vear institutions improve curricuiuni cjuality and develop as2;reements 
about transferability of credits: 

■ where appropriate resources and talents exist, assist with national, state, and 
local efforts to redesi2;n and revitalize precollei^e education, especially in science 
and mathematics: and 

■ i2;ive special attention to undert^raduates who intend to become precollei^e 
teachers of science and mathematics. These individuals must ha\ e a thorou.^h 
,i^r()undin<>; in those topics. 

The federal agencies should ensure that their pr(\2;rams encoura.^e universities to 
reeniphasi/.e education rather than discourat^e theni — e\ en inad\ ertently — 
from takin.t^ the measures recommended aboxe. In particular, federal ai^encies 
should: 

■ pro\ ide incentives for outstandiniz; underi^raduate and .2;raduatc teachers in the 
fields of science and technolo<!;y, such as awards and special national recognition 
for their accomplishments: and 

■ develop or expand sustainable programs that would assist rescarch-intensix e 
univ ersities in meetin.i; the r)bjecti\ es described above. 
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lii. A MATTER OF PUBLIC TRUST: 

Restoring confidence in Our Universities 



Public confidence 
in universities (s 

ERODING. 



Cutting through all of the '^excellence'' and ''quality rhetoric reveals one very clear 
point: the focus in higher education today is on research, not teaching. This fact has 
not been lost on the professors. If you don V believe me, go ask one yourself However 
don V look for a professor in a classroom; its unlikely you 71 find one. 

Representative Patricia Schroeder 
Chairman, Select Committee on Children, Youth and Families 



"Universities have been over- responsive to those xc:ho seem to think that they should 
carry out every function and address every concern that might be of interest to citizens 
in general. They need to return to the criterion that measures ts^'hat they can do. and 
do nt^elL that other institutions cannot do, or do as ^^elL and stick to their o^^n special 
purpose, or it v:ill be lost. " 

Hanna Gray, President of the L'niversity of Chicago 
Keynote address to the American Association for 
the Advancement of Science, 1992 



Public confidence in imix crsities is crodinji^. Althoiij^h studies show that the 
economic \ alue of an advanced education has increased substantially in the last 
decade, there is nevertheless a j^rowing concern that tuition and related costs arc 
risinij; too cjuickly and that the tcachin.y; pro^^rams of the research-intensive 
imix crsities should receive more attention. Students, parents, and lc.iz;islators arc 
raisiiiLj; concerns that those institutions have shifted their attention too far toward 
performance of research and away from dedication to students. In the current 
economic environment, continiiini!; tuition increases lca\c middle-class parents 
wonderinii; how rhcy will be able to afford to send their children to an institution 
of their choice and whether they will receive full value for what they inv est. 

Rex elations that a few universities, in recovering!; indirect costs of research, billed 
the Jiovcrnmcnt for items ha\ in,u; little, if any rclatif)nship to research efforts ha\ c 
further serxed to undermine public trust, as have a few widely publicized 
instances of scientific misconduct. More Ji;enerally, some outside the academic 
community ha\ e lost faith in the vision and commitment of university faculty and 
administnitors. in their mana<;ement of imix crsities, and in their use of the 
resources currently available to them. I%\acerbatin^ these problems haxe been 
responses from some of the indix iduals and institutions inxolved that xxere 
interpreted by the public as arrogant. 
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The notion of a university as a community of scholars havin.s; shared interests in 
certain critical tasks, such as unders:raduate education, is under sieo;e from inside 
universities themselves. Some members of the academic community — at times 
spurred by their reassessment of our history and culture — act as if they have lost 
faith in the continuin.<z; vitality of such core values of the scholarly enterprise as 
free inquiry tolerance, scholarly intcs^rity verifiable ways of knowino;, and open 
communication of new ideas. Current "politically correct'' activities on many 
campuses attack the fundamental values and foundations of the modern 
university Some faculty pursue their own work without re.s;ard for their 
institution as a whole or for the coherence of its teach inji; curriculum. 

Factors that undermine public trust can be placed in three .y;eneral cates;ories. 
sSome, such as fabrication of research results and misuse of funds, however 
isolated in their incidence, are universally acknowled^s;ed as s^rossly inappropriate 
and ille.^al Some, such as bannini>; of "politically incorrect" speakers or teachers, 
undermine some of the deepest values of academia. And some, such as debates 
about the balancin.«; of efforts amoni>; research, teachin.s;, and community 
outreach, may reflect important disa.<z;reements about priorities of missions and 
resources. 



Figure 6 

Undergraduate Enrollment as a Percent of Total Enrollment 
in Research-Intensive Universities 
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Undergraouate education is a signiiicant iunction tor the research-ntensive universities 
Bachelors-degree candidates have accounted consistently for about 60 percent of the enrollnnent 
m private researcn-'ntensive universities and about 80 percent of the enrollment m public 
researcn-intensive universities. 
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Research-intensive 
universities are 
very complex 
institutions with 

MANY OUTPUTS AND 
klANY PATRONS, EACH 
OF WHOM TENDS TO 
EXPECT THE OUTPUT IT 
FUNDS TO HAVE THE 
HIGHEST PRIORITY 
AND TO BE THE MOST 
HEAVILY SUBSIDIZED 
BY OTHERS. 



Research-intensive universities are very complex institutions with many outputs 
and many patrons, each of whom tends to expect the output it funds to have the 
hi.iihest priority and to be the most heavily subsidized by others. Students (and 
their parents) expect a hi2;h-ciuality education, includintz; sii^nificant personal 
contact with the senior faculty that i!;ive the institution its reputation. State 
.liovernments expect state-supported universities to offer a full range of .2;raduate 
and under2;rnduate courses, at low tuition, to a lar^e proportion of the state s his^h 
school ,2;raduaces. Local industry and s^overnment expect to be able to hire 
ti;raduates that are ready co work in their companies and a.2;encies. Universities 
with medical schools and teachin.i^; hospitals are expected to offer hii2;h-quality, 
affordable health care to the public. .\^ricuitural and forestry interests depend 
hea\-ily on university extension services. (Companies, foundations, and 
i:;overnment ai^encies that help fimd research expect top-rank work, well- 
educated i^raduates, and, increasin.^ly, efforts to ensure that research results are 
used to t^eneratc industrial advances and jobs. 

Having many missions and sponsors tends to pull research-intensive universities 
in several conflicting directions at once, X'arious sponsors demand that thev: 

■ be both more business-like (e.^., focus on the "bottom line") less 
business-like (focus on maintainin;-, ideals and not "merely'* on the bottom line); 

■ do both more scientific research ic.i^.s to help with economic competitiveness) 
*^/;;//less research (e..^., more teachin.^ and public service); 

■ both increase quality and (juantity of services anr/cun costs: and 

■ be both the .guardians ^nu/ xhc critics of our cultural inheritance. 

I^ach institution has to confront its imicjue set of conflicting demands orii^inatin^i:; 
with its unicjue set of constituencies. Whatever its approach, however, each 
institution must focus on the fundamental issue of public trust and confidence. 
Without those and the ensuiniz; public support, our nation s research-intensive 
universities will not be able to meet the nation's needs. 
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Recommendation Three: Restore Public Trust and Confidence 



In our view: 

the university community and its patrons, including; federal a,^encies, 
must act in ways desi2;ned to preserve the core values thai underlie the 
scientific and educational enterprise — tree and creative pursuit of 
ideas and their implications, scholarly n^ov. trust in rationality and in 
verifiable forms of knowled.e;e, and belief in the benefits of the 
synergism of research and teachin,"; as investments in the nation's 
future. Intolerance for alternative ideas, or absolute insistence on 
*'politicallv correct" behavior, represents a kind of dry rot that will, if 
allowed to remain, undermine the nation^ institutions of his/her 
education. 

In addition to reemphasi/ini^ education (see Section II), we uri^e collei^es and 
uni\ ersities to: 

■ establish effective procedures to eliminate fabrication, falsification, and 
pla.i2;iarism in scholarly work, and to eliminate fraud and waste in the 
administration of that work.^ 

PC'AST cautions, however, that excessive efforts to anticipate and eliminate all 
potential problems can lead to bureaucratic strictures that undermine or stifle 
scientific creativitv. 



' \ v.jliubic distnssmn chrs Mil)|ctc can he tound in the retenc repnrt nt the l*anei on Snentit'tc Kespnnsihilifv uml the 
( iondiift of Reseaah of the Committee on Seience. Knumeerinc. and Puhhc INih(.\. entitled Rr\portu/'/r S'tz-nrr- h nu/nne /Ar 
in/rcnn ni ihf Rr^ntnli Pnnr<s. 1. National At ailemv Viqss. \V ashmuton. 1 K 1 
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IV.A Matter of Wise Investments: 

Federal Support of University-Based Research 



iNTdLERANCE FOR 
ALTERNATIVE IDEAS, 
OR ABSOLUTE. 
INSISTENCE ON 
''POLITICALLY 
CORRECT'' BEHAVIQR, 
REPRESENTS A KINd" 

of dry rotthat 
will, if allowed to 
r'emain,' undermine 
the nation's 
institutions of 

HIGHER EDUCATION. 



While iLYitching Michael Faraday at an experiment. British parliamentarian 
William Gladstone Xi^as said to ask Vf'ichat use is such a discovery r^' Faraday is 
said to have replied: 'Why, sir, you will soon be able to tax it F A more recent British 
politician, Margaret Thatcher, recently noted that 'Although basic science can have 
colossal economic rewards, they are totally unpredictable. And therefore, the rewards 
cannot be judged by immediate results. Nevertheless, the value of Faraday 's work 
today must be higher than the capitalization of all the shares on the stock exchange. " 

recounted by Thomas Everhart, 
President of the California Institute of Technology 
July 1992 statement to PCASf 



Short-term constraints on R^sil) resources as well as the Hkehhood that resources 
w ill be constrained well into the future ha\ e fueled a healthy national debate 
over priority settin«; in all sectors. 'l*he federal .iZio\ ernment — both in the 
Kxecuti\e Branch agencies and in (lon.^ress — state and local governments, 
universities, industry, scientific associations, and foundations ha\ e all debated 
and searched for the optimal strate.i!;ies for expendiniz; public and private 
resources on R&D. 

The choices to be made arc many: within Helds of science: amoni; fields of 
science: between ''pure" research that has no ()b\ ious immediate application and 
"stratei!;ic" or "thematic" research that has sonie expectation of yielding short- 
term practical applications: amon.i^ basic research, applied research, and 
dex elopment: between **bi^" science and "small" individual inx csti^ator science: 
between research itself and the facilities and instrumentation recjuired to conduct 
research: between government laboratories and universities. 

None of these choices is easy, and this report will not add one more set to the 
many contending options already on the table. Rather, we stress a few essential 
principles: 

■ Our nation must continue to invest enough in basic research to sustain world 
class accomplishments in all major areas of science and technology. In those areas 
where I'.S. acti\ ity does not define the frontiers, it nuist be sufficiently close to 
those frontiers that we can exploit discoveries w ithout delay, wherever and 
whenever they are made: 

■ A healthy federal go\ernment-uni\ ersity partnership — particularly in basic 
research — must be maintained as part of the core of a successful I'.S. science 
and technology enterprise. It has served the nation well since World War II and 
we have e\ erv reason to belie\ e that it w ill do so in the future: 
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■ I'hc federal government must, in its interactions with uni\ ersities at all levels, 
recogni/e that it is investing in institutions that simultaneously generate new 
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knowledge and new talent, and not just procuring research results. The 
knowledge and talent generated may not always directly or immediately benefit a 
particular government mission, but it constitutes important national capital that 
will serve many different purposes; 

■ I'he federal government must pay the full costs of the university-based 
research it supports, lb expect cost-sharing (except where it strengthens the 
research-teaching linkages or in other special circumstances) defeats the 
investment objective and may shift costs to students and their families. The 
universities, on the other hand, must commit to using all federal funds that 
support facilities and equipment for the maintenance of those important 
elements of their research infrastructure; 

■ Federal funds for research should be allocated through competition on a merit 
basis. There is no better method for ensuring quality and maximizing the 
dividends of our investment than for proposed research to be subjected to 
competition based on scientific merit: 

— There are currently two specific areas in which the principle of 
merit-based competition is not followed. One is in the support of basic 
research in federal laboratories. Though this research may be reviewed 
for its technical merit, it is rarely subjected to direct competition with 
research proposals from other institutions, such as universities. When 
the primar\' mission of a laboratory has changed, is not clear cut, is self- 
generated, or overlaps the missions of other agencies, such competition, 
especially with the research-intensive universities, should be the norm; 

— The other area that circumvents merit-based competition involves 
(^ongressionally earmarked facilities and projects. Such facilities and 
projects, which are often intended only to satisfy particular interests, do 
not constitute a good investment for the nation. Instead, they waste 
federal funds, undermine morale, and destroy the integrity of the merit 
review process. The practice must cease and must not be initiated or 
encouraged by universities; and 

■ Finally, we note that priorities, by their very nature, are very sensitive to 
changes in the environment in which they are established. Criteria on which the 
priorities are based should, however, be much more stable and remain as suitable 
bases for new priorities appropriate to changed environments. Much more 
attention should therefore be focused on the development of criteria that this 
nation accepts as reficcting its long-term goals and aspirations and. as such, form 
an appropriate basis for the development of priorities at all levels and under all 
conditions. 
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Figure 7 

University-Based R8cD Support by Selected Federal Agencies (FY 1990) 
5 
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More man 20 different agencies of the T'eaerai government tuna acaaennic R&D. The.r inaiviou- 
ally unique program goals dictate their respective funamg ieveis ana associated spenomg Dnon- 
ties. The companson of the loD six agencies and the aggregation "aii others" highlights Dotn 
the importance of biomedical research m U.S. national priorities ana the special empnasis tnat 
:ne National Institutes of Health places m mvestigator-oriented research and basic research in 
particular. 



Recommendation Four: Adjust Federal Support of Academic Research 
I hc hasic approach: 



■ I'cdcral ai^cncics should \ ic\v their grants in support ofuniN crsity-hascd 
research — c\ cn w hen undertaken in support of a narrow mission — as an 
in\ estment in the nation^ future, and not just as procurement of Li;oods and 
ser\ ices. The federal science and technoloi!;y a.i^encies ha\ e a C()llecti\ e 
responsibility to make those in\ cstments. The \ ic\v that it is "another a.^encv's 
responsibility, not ours" is not acceptable: 

■ (Jrants in support of research should he seen by federal agencies, furthermore, 
not only as in\ estments in new knowledi^e but as in\ estments in the nation's 
scientific talent; 



■ I'^ederal ai^cncies should re\ iew the balance between their intramural research 
and the uni\ ersity-based extramural research that they support with a \ iew to 
maximi/.ini^ the amount of research conducted at uni\ ersities, where human 
capital is generated in tandem w ith intellectual capital: 

■ 'I'he underlyin.j^ principle that fedenil a.j^encies should follow in awardin.i!; 
research funds to uni\ ersities is, except in special circumstances, to co\ er the full 
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costs — both direct and indirect — of the research programs they sponsor. In 
turn, the universities must commit to use these funds in the fulfillment of 
agreed-upon objectives: and 

■ Except in special circumstances, such as in the case of professional schools, 
federal agencies should gradually withdraw from the practice of paying a portion 
of the faculty salaries guaranteed by universities. Tenured facuky should have 
their academic year salaries paid by the universities, to avoid artificial expansion 
of teaching faculties dependent on federal sources for institutionally guaranteed 
salaries. 

■ In making awards, federal agencies should: 

— avoid undue specificity in stating expectations regarding the 
outcomes of research projects; 

— accord principal investigators maximum flexibility under the law 
with respect to the choice of proposed research goals, and actual 
approaches, methods, and use of resources; 

— make longer-term (e.g., three to five year) awards, whenever 
possible; 

— award more block grants to give established research groups stable, 
flexible support; and 

— be more willing to accept risk in supporting unconventional ideas, 
especially if proposed by investigators with a sound record of 
accomplishments, l^his would especially include cases of experienced 
investigators moving into new research fields. In such cases, more 
emphasis should be placed on their achievements and promise than on 
the particular details of their first research proposals in a new area. 



Indirect costs: 
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■ The Executive Office of the President should strive to ensure that the indirect 
cost portion of research awards meets both the requirements of modern scientific 
inquir\' and the responsibilities that attend stewardship of public funds. To that 
end, 

— indirect cost policies should be refined to ensure that actual 
reimbursements cover only legitimate overhead expenditures; 

— indirect cost rates should be negotiated at levels sufficient to provide 
full reimbursement for those overhead expenditures — cspecialK 
facilities-related costs — that should be allocated to the research 
sponsored by the federal government; and 

— all federal agencies should be required to honor the negotiated rates 
in full when making research awards. 
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■ I 'nivcrsitics should be rcciuircd to set aside iind use the facilities and 
ecjuipment portions of indirect cost puyinents for muintainin.^, refurbishing, and 
renovatini!; the physical infrastructure and etjuipment required for research. 

Facilities and other infrastructure: 

■ *I*he federal i^ovcrnment should establish a temporary, nationally competitive, 
merit-reviewed proj^rnm of «;rants for repair and renovation of the physical 
infrastructure of university-based research, such as buildin^;s, specialized 
equipment, and computer networks: 

■ The proi^ram should operate on a 50-50 matching basis with non-federal 
funding. The si/.e of the program should be commensurate with the repair and 
renoxacion needs. Recent estimates place those needs at more than $4 billion: 

■ That program should operate no longer than a few years, only until 
uni\ ersities can bring their facilities to an acceptable level of modernity. 
Regardless of where the responsibility might lie for the current obsolescence of 
many university research facilities, the nation cannot afford to liave that situation 
continue or deteriorate further. Beyond the catch-up period, however, 

uni\ ersicies would be expected to keep their facilities current on the basis of 
federal indirect cost support and other resources: and 

■ The competitive, merit-reviewed program should make funds available only 
to institutions that pledge to forego funds earmarked for award without such 
re\'iew. 

Less red tape: 

I'^ederal agencies should stri\ e to ensure that the administrative requirements 
associated with research awards to uni\ ersities facilitate scientific inquiry rather 
than impede it. lb that end: 

■ funding agencies should authorize their program staffs to make small, short- 
term grants at their own discretion for particularly promising proposals where 
tjuick response would be especially advantageous, using streamlined application 
procedures and without external review: and 

■ the l'^\ecuti\ e Office of the President should take the lead toward achieving 
federal go\ernment-wide uniformity and eliminating unproductive 
administrati\ e recjuircments by reaffirming its support for the goals of the 
I'cderal Demonstration Project and promoting full participation by the rele\ ant 
age ncies.- 




- I he I ftlcr.il I )cmonNcr.itinn I'roicti i| DP) is <lc\i>ccd r(i inipnniniictficicntN in the adminiscration ot research erantv The 
^oiuiniitnunhiet'ttNC <'t rhc pr<i|ec( is (»► idcruit\ and ehminate unprndiic(i\e requirements w ithoiK t<impr(>misinn sre\\.irdship 
• •t piilihc tiiruN. Ten federal aucncies .ind .ippr(i\inutel\ tltt\ iini\ersi(ies pariicipacc in ihe pr«i|ect. I I )I* is the onl\ ornani/ed. 
Inn^.^crln ettort .timed .u streaiuhninn the lusit adininiMrati\ c relatumships hnxinc the aucneies sponsorinu research with the 
iiistinitxms that pertnrnni. Outcomes tit the I* I )P demi>nsirjti<ins iisiialK consi >t ot reeommcnded thanees ro federal 
■j« \crtiinent'\\ide polities pmNuled h\ the Ofllcc <»t Manaucmcnt and Biiduei. 
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Figure 8 

University-Based R&D Support by Source of Funds 
and Type of Institution, 1990 
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The federal government is the principal soonsor of university-based R&D. However, the federal 
share, which has essentialiv stable curing tne 1970s (near 67 percent), has been declining almost 
steadily Since 1980. falling to 59 oercent in 1990 The share financed by state ana local govern- 
ment also shrank slowly throughout the 1980s while that financed from nongovernmental 
sources rose from 21 to 33 percent. Offsetting the contracting proportions provided by govern- 
ments were the expanding oroportions attributed to universities' own funds and industrial spon- 
sors The Share of funding from all other sources (e.g . foundations) changed little from one yea^ 
to tne next, fluctuating around 7 5 oerce^^: 

Public ana onvate universities exhibit some notable difference in tne profile of tneir research sup- 
DOrt . The onvate universities are relatively more dependent on the federal government, whereas 
the public universities are more dependent on their "own" funds (see note underneath figure) 
The share of university-Dased R&D programs directly financed by state and local governments is 
higher for public universities than for orivate universiues. In 1990. federal, state, and local govern- 
ments together accounted for about two-thirds of university-Dased R&D at puDlic universities and 
about three-quarters at private universities 
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Federal Laboratories 



Because federal support for research-intensi\ e universities is affected by agency 
commicments to federal laboratories, PCAST belie\'es there is now an urgent 
need to reexamine the roles of the more than seven hundred federal laboratories. 
As original missions have been accomplished, many of these laboratories have 
come to support basic research efforts lacking a clear relationship co mission 
objectives and in direct competition with research-intensive universities. These 
efforts typically ha\'e the benefit of superior resources, are not burdened by 
educational responsibilities, and are not subject to the same type of merit-re\'iew 
that ensures high standards of academic research. In some cases, new 
laboratories, in response to new missions, have been established when existing 
federal laboratories in other agencies are already setting the standards for 
activities in the fields covered. 

Many of these laboratories continue to ha\ e appropriate and unicjue roles, 
including provision and operation of facilities beyond the scope of individual 
universities but invaluable to both uni\'ersity faculty and students. I 'nder the 
impetus of the National Technology Initiative and similar programs, federal 
laboratories arc forging new and productive linkages with I'.S. industry-. In the 
past, linkages between federal laboratories and universities were ver\' strong, 
with a large flow of people back and forth among them and with resulting 
benefits in education and training. This flow has slowed, largely for bureaucratic 
reasons, and should be reestablished. It is appropriate to consider making all 
federal basic research support available for merit-based competition by 
universities, federal laboratories, or industry. Merit review in this case should 
include, as additional criteria, potential long-term contributions to economic well- 
being, national security, and education. 

lieves that a review ot the federal laboratories similar to the present 
review of the research-intensive universities would be timely and would provide 
valuable input to the more general reexamination of the T.S. research and 
development enterprise that we discuss elsewhere in this report. 
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V. A MATTER OF TWO CULTURES: 
UNIVERSITIES AND INDUSTRY 
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Senior management in industry must assure individuals who return to universities 
. . . that it is in the best interest of the corporation and the individual's career This is 
not the case today. The university must be willing to take people who have not widely 
published . . . and are not recognized as the leading expert in a particular area. I 
believe both of these changes are possible. I believe the Nation will greatly benefit from 
this increased interaction. 

William Spencer, President and CEO of SEMATECH 
July 1992 statement to PCAST 

Two verv different cultures have surrounded industrial research and unix crsity 
research. In industrv. the drive for new products and processes sets the agenda in 
applied research and provides the context for fundamental research. I'nivcrsitN 
research is driven by a wide ran^^e of factors, some involving practical problems 
confronting societv. but many curiosity-driven and associated with the pursuit of 
knowledge with no obvious relevance to immediate practical problems. 

Some of the cultural differences have had the unfortunate effect of unnecessariK 
inhibiting full interaction between industry and universities, llie notion that 
each sector had its own wcll-delincated and isolated role and that new knowledge 
would flow as rapidly as necessary and in one direction from the universities to 
industrv is completely at odds with today s world. 

Ibday the pressure of international competition has introduced a critical time 
dimension into the svstem. For the nation's economic interests, the issue is not 
simplv how much new knowledge is being generated but also how fast it is being 
translated into economically and socially beneficial products and processes. This 
argues for a more deliberate effort to move information and, especially, people 
between universities and industry. 

Over the past decade, substantial efforts have been made by federal, state, and 
local governments to foster greater and more effective ties between universities 
and industrv. These efforts, which take the form of co-operative programs, 
research centers, and the like, should certainly continue. In addition, some 
scientific fields have developed in such a way that commercial applications derix c 
more readilv and rapidly from university-based fundamental research than was 
previously the norm. Biotechnology is the prime example, but a number of 
others could be cited. 

The shrinking interv al between fundamental research and industrial applications 
in certain areas also is serving to bring universities and industries together. 
.Mthough these increasing linkages between the sectors ha\ e some potentialK 
negati\ e side-effects for uni\ ersities, such as pulling faculty away from their 
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tcachini^ responsibilities or challen.G;in<^ stratc.G;ic coherence at the institutional 
le\eL brinsiins; iini\ ersities and industry closer together in appropriate 
partnerships is, on balance, of enormous benefit to the nation. 

Despite recent i^ains in buildini^ linkai^es between T.S. uni\ ersities and industry, 
tbere are still too many indi\ iduals in both sectors who hold to ne,i2;ati\ e 
perspectives, attitudes, and stereotypes about the other sector: new Ph.D.s who 
view takinsT a job in industry as "sellinj^ out" rather than follow insr; an academic 
calling!;: industry mana.i^ers who are unwillinji; to send their best people to a 
university settinsj;, even for a short time: faculty members who belie\ e that their 
only educational mission is to train students for faculty positions and who channel 
their best students away from non-academic careers: industrialists w ho \ iew 
university work as an intellectual luxury: academics who view industrial RtkD as 
intellectually second rate. 

The nation cannot afford to ha\ e this situation persist, and much more effort is 
required to overcome it. Kven fundamental research that is not expected to yield 
short-term answers to industry's scientific problems can benefit from beini^ 
informed by the technical concerns of industry. Conversely, I'.S. industry' should 
ha\ e the benefit of easy and immediate access to the new knowledii;e and new 
talent .<2;enerated by uni\ersities. I\xchan.<i;e of personnel, at all le\ els. is the 
surest answer to these problems. 
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After raoio growin between the mid-1960s ana the mia-1970s. the total nunnber of bacneiors 
Degrees awarded each year rennamea essentially level until 1980. when growth resumed at a rate 
much slower than the earlier expansion. Over the same period, the annual production of bache- 
:ors aegrees m the sciences and engmeenng grew more slowly than the overall trend 
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Doctorate Degrees by Broad Area of Study 
(Thousands of Degrees) 
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The total number of doctorates awarded each year exhibits a pattern S'miiar to that for the bache- 
lors degrees, albeit on a significantly smaller scale However, the sciences and engineering 
account for a substantially larger fraction of the total aoctorates than is the case for bacnetors 
degrees and show a stronger upward trend m recent years 
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Recommendation Five: Move People Between Industry and Universities 



Accordingly, PCAST recommends that: 

■ universities and industry together, through a wide range of concerted actions, 
should exchange scientists and engineers at all levels — especially their very 
best — between the rwo sectors for substantial periods of time and repeatedly 
throughout their careers. 

Specific activities and programs that contribute to that goal, and that should 
therefore be encouraged, include: 

■ undergraduate co-operative programs in industry: 

■ \ isiting professors from industry: 

■ dissertation research in industry laboratories: 

■ industry scientists mentoring graduate students: and 

■ faculty consulting for industry. 

In sponsoring such activities, both industry- and universities should seek the 
involvement of their most valued rather than their most expendable personnel. 
Both sectors will have to manage an increasing number of potential conflict-of- 
interest situations but, in doing so, should not stifle legitimate opportunities for 
greater interaction between university and industry personnel. In addition, any 
current or proposed federal or state regulation in this area should balance 
concerns about conflicts-of-interest against the value of greater university- 
industry interaction and cooperation. 
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VI. A MATTER OF THE BEST SCIENTIFIC TALENT: 
TAPPING THE NATION'S TALENT BASE 



POTENTIALLY 
BRILLIANT YOUNG 
PEOPLE CAN BE FOUND 
THf^OUGHOUT THE • 
POPULATION, WITHIN 
BOTH GENDERS AND 
EVERY RACE AND 
ETHNIC GROUP, JN 
EVERY ECONOMIC 
SITUATION. AND IN 
EVERY REGION OF 

.Yhe country. 



Quite apart from the matter of fairness is the realization that ©'^ do not ever have 
enough bright, scientifically-minded you7}g people to deprive any of them of a chance 
for a good education and viable career opportunities. 

Barbaia Webster, Professor, University of California - Davis 

July 1992 statement to PCAST 



Most important scientific discoveries were made by a small number of \ ery gifted 
people who were provided the opportunity and time to pursue their intellectual 
interests. Potentially brilliant young people can be found throughout the 
population, within both genders and every race and ethnic group, in every 
economic situation, and in every region of the country. Stronger public policies 
must be designed to identify scientifically-gifted people at an early age and help 
them develop their talents, no matter what their circumstances. 

Many factors influence the dex elopment of scientific and technological talent in 
the population. Most are beyond the scope of this report, but a few bear 
mentioning — high societal levels of maternal and child health, early learning 
programs, the availability of role models, competent science and mathematics 
teachers in the early grades, and the sympathetic portrayal of scientists and 
engineers in the media. Several of these factors, along with recommendations for 
federal action, ha\ e been dealt with in the recent PC^AST report on "Learning to 
Meet the Science and Technology (Challenge.'* 

.\ range of local efforts, stimulated, for example, by a Department of Kducatioii 
program, are made to identify and help "gifted and talented" elementary and 
secondary school students. In addition, there are local and nationwide ^'sciencc- 
fair" type competitions, national merit scholarships, and similar programs 
sponsored by industry, local or state government, or private foundations. While 
\ ery worthwhile, these do not seem to be sufficient to identify, or provide support 
for. a high enough number of talented students to pursue careers in science and 
technology 

Japan and many Kuropean countries ha\ e a highly selective educational structure 
in which large proportions of students are systematically "weeded out" at 
relatively early ages and cannot easily proceed on to university-level work. 'I'hc 
r.S. system has multiple reentry points where students whose interests and 
talents develop later than the norm, or whose circumstances change, can pursue 
their original or new educational goals. Too many promising students turn away 
from science at some early or middle stage of their education, only ro find later 
that, despite the possibility of re-entry, ^'catching up" is (|uite difficult. Better 
ways must be found to reach out to these students and help them continue their 
educations. 

5:. 
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Several types of federal and non-federal loan and 
.urant programs are available for undergraduate 
support, but some students may not be able to 
clualify or may not be able, even with these 
pro.^rams, to afford to attend institutions of the 
caliber corresponding to their talents and interests. 
Portable undergraduate scholarships, by contrast, 
would allow a higher proportion of especially 
talented students to choose the schools that they 
wish to attend. 

At the graduate level, competitive, merit-based 
federal support for portable fellowships has enabled 
thousands of bright men and women to complete 
the doctoral degree and go on to become 
outstanding teachers and researchers in academia, 
industry, and government. Because they do not 
have to seek support as research . .istants or 
teaching assistants, these fellowship holders may 
choose to attend — and arc welcomed by — -uiy 
uni\'ersity in the nation. 

(Changes to the federal tax code in 1986, and related actions by state and local 
authorities, have resulted in greatly increased taxation of scholarships, 
fellowships, and student stipends for research. Examples include payments for 
participating in hands-on undergraduate research sponsored by the National 
Science Foundation and summer participation at federal laboratories. Such 
taxation discourages students from accepting such support, complicates 
administration for the universities and the sponsoring authorities, and causes 
sponsors to raise payments — which reduces the number of persons they can 
sponsor. 

If the Tnited States is to continue to lead the world in basic scientific disco\ erics 
and in their exploitation, we will need to identify the most talented young peopL 
at the earliest possible time, encourage their interest in advanced education and 
science, and give them a sense of purpose as they pursue their education and 
career paths. 



Recommendation Six: Identify and Nurture the Best Talent 

( Considering that potential science and engineering talent is distributed 
throughout the population, in diverse economic circumstances, and in every part 
of the country, PCJAST recommends that: 

■ the federal go\ ernment develop programs to award substantial numbers of 
portable undergraduate scholarships and graduate fellowships in science and 
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engineering in each Congressional district. These awards would be made on a 
nationally competitive basis, using non-political, merit criteria, and would be 
designed to encourage greater numbers of outstanding students — throughout 
the nation — to pursue training, and then careers, in science and engineering. 

As with the traditional program of National Science Foundation graduate 
fellowships, only citizens and permanent residents would be eligible: awardees 
would be able to attend any l\S. institution of their own choosing; and 
reasonable allowances would be included to cover institutional costs. The 
undergraduate program would include both beginning students and some who 
have completed one or two years of undergraduate work. 

Moreover, PCAST notes that federal, state, and local tax policies should bolster, 
not undermine, the nation's investments — both public and private — in human 
capital. PCAST recommends that: 

■ federal, state, and local government end all taxation of scholarships, 
fellowships, and stipends for student participation in research. 

Research-intensive universities can have a major effect on the development of 
scientific talent by educating inspiring teachers of precollege science and 
mathematics. PCAST, therefore, recommends that: 

■ research-intensive universities give greater emphasis to the education 
(including continuing education) of precollege teachers of science and 
mathematics: and 

■ the federal government provide scholarships or service-repayable loans to 
encourage talented students to attend research-intensive universities for careers 
as precollege teachers of science and mathematics. 
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Beyond the horizon 



. . . IT (S FAR FROM 
OBVIOUS, AS WF MOVE 
INTO THE SWIFTER 
CURRENT OF THE 
TWENTY-FIRST 
CENTURY, THAT 
[ THE CURRENT 
FRAMEWORK | WILL 
RETAm THE VALIDITY 
IT HAD WHEN IT WAS 
ESTABLISHt D IN THE 
MIDDLE OF- THE 
TWENTIETH CENTURY. 



I*his report is intended to address pressin,^; problems thar threaten the productive 
relationship between the federal ,<^o\'ernment and research-intensi\'e universities. 
We believe that the fundamental premises of this relationship are sound but that 
improvements are required for it to axoid deterioration and achieve its fullest 
potential. 

We recoi2;nize the present time as one of tumultuous and profound chan<i;es in 
American society and in the world. The endin.iz; of the C^old War, the emer<i;ence 
of the Kuropean Community and nations of the Western Pacific Rim as economic 
powers, the chan«;in«; demography of the American population, the e\'cr 
increasini^ power of science and technolo,2;y, and the .i2;rowing awareness of new 
societal problems to which science and technolo,2;y can be applied all require 
fresh and creative thinkini^ of overall federal science and technologjy policy of 
which federal .<^overnment-uni\'ersity relations are a part. While the current 
framework has serxed us well for four decades, it is far from obvious, as we move 
into the swifter current of the twenty-tlrst century, that it will retain the \ alidity it 
had when it was established in the middle of the twentieth century. 

In our \'icw, we must look beyond the immediate issues addressed in this report 
and conduct a broad p.ational reexamination of the place of research and 
development in our national life — includin.g; its fundamental rationale, <!;oals, 
or«;anization, fundinj^;, and administratix e mechanisms. The importance of 
.i;eneratin2; new knowledge an(i new technologies and of educating scientists, 
engineers, and the general public for the twenty-tlrst century demands no less. It 
is the intention of PC^IAST, drawing fully on federal and state gox ernment as well 
as private sector expertise and experience, to undertake such a reexamination in a 
subsecjuent report. 
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